Background: Vitamin D insuffi ciency is a globally widespread issue. Recent studies have reported a high prevalence of Vitamin D defi ciency in Middle-East countries. Studies have shown negative effects of Vitamin D defi ciency on endothelium and related diseases such as ischemic brain stroke. Here, we assessed Vitamin D status in patients with different types of ischemic brain stroke and control group. Materials and Methods: Seventy-fi ve patients (49.3% small vessel, 50.7% large vessel) and 75 controls, matched for age (68.01 ± 10.94 vs. 67.64 ± 10.24) and sex (42 male and 33 female) were recruited. 25(OH) D levels were measured by Chemiluminescence immunoassay. 25(OH) D status was considered as severely, moderately, or mildly defi cient and normal with 25(OH) D levels of less than 5, 5-10, 10-16, and >16 ng/ml, respectively. Results: Mean ± standard error concentration of 25(OH) D in cases and controls were 17.7 ± 1.5 and 26.9 ± 1.6 (P = 0.0001), respectively. Mild, moderate, and severe Vitamin D defi ciency were observed in 10.8%, 32.4%, 8.1% vs. 34.3%, 31.5%, 9.5% of small vessel and large vessel group, respectively. 21.7% of the controls were Vitamin D defi cient. Vitamin D defi ciency was signifi cantly associated with higher risk for ischemic stroke, (P = 0.000, OR = 7.17, 95% confi dence interval: 3.36-15.29). 25(OH) D levels were signifi cantly higher in control group comparing to small vessel (26.9 ± 1.6 vs. 20.59 ± 2.6 P < 0.05) and large vessel (26.9 ± 1.6 vs. 13.4 ± 1.3 P < 0.001) stroke patients. Small vessel group had signifi cantly higher levels of Vitamin D than large vessel (P < 0.05). Conclusion: Vitamin D defi ciency signifi cantly increases the risk of ischemic stroke, favoring the types with the pathogenesis of large vessel strokes.
Introduction
Vitamin D is a micronutrient that can be either consumed or internally biosynthesized through direct exposure to sunlight. [1] Vitamin D defi ciency has affected people worldwide with the prevalence of 30-50 among different populations with a higher rate in females. [2] Despite having abundant sun exposure, people living in the countries of the Middle East suffer from defi cient or insuffi cient levels of Vitamin D. [3] A growing body of evidence suggests that Vitamin D plays an important role in the cardiovascular well-being of individuals. Anti-infl ammatory features and stimulating effects of Vitamin D on cellular repair are noticed in previous and ongoing studies. [4, 5] Other than aging, several risk factors such as chronic hypertension, atherosclerosis, and diabetes mellitus have been shown to be related to diminished vascular quality. It has been noted that Vitamin D is related to This is an open access ar cle distributed under the terms of the Crea ve Commons A ribu on-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new crea ons are licensed under the iden cal terms.
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For reprints contact: reprints@medknow.com these risk factors aside from its independent effects on the vascular system. [6] Vitamin D also interacts with the calcium and bone homeostasis; a proper diet with enough Vitamin D protects against early-onset osteoporosis and bone diseases. [7] Ischemic strokes are caused due to occlusion of blood fl ow to parts of the brain. Persistent acute hypoxic environment that follows damages the brain tissue permanently; these results in different levels of disability based on the extent of the damage to the central nervous system. Disturbance of blood fl ow may occur in major arterial branches or in distal arteries that affect smaller areas, dividing ischemic strokes into two subtypes; large vessel and small vessel strokes, respectively. Large vessel strokes, due to their bigger perfusion area, tend to be more severe; however, cardiovascular risk factors play the key part in both types of ischemic strokes. [8, 9] For the benefi cial effects Vitamin D has on the cardiovascular system, its defi ciency is proposed as a contributor to such ischemic events; therefore supplementation with Vitamin D counteracts this process. [10] [11] [12] [13] Stroke patients often suffer from post stroke complications such as hip fractures and depression; these are also manageable with a properly regulated diet with enough Vitamin D to support patients' needs. [7] There is confl ict in the literature regarding the necessity of fortifi cation with Vitamin D in at-risk groups. [14] We aimed in our study to investigate the presence and severity of Vitamin D defi ciency among the two subtypes of ischemic stroke patients in comparison with otherwise matched controls and assess if there is any relation between the plasma levels of Vitamin D and incidence of small vessel or large vessel ischemic stroke.
Materials and Methods

Study design
We conducted a case-control study from March 2011 to March 2012. Cases, (small vessel and large vessel strokes) were chosen from the patients admitted to the Neurology Department, in Alzahra Hospital, in Isfahan, Iran (32_390 North, 51_430 East, and 1475 m above sea). All cases were fi rst-ever stroke patients and were grouped as a small vessel or large vessel cases based on the imaging studies and a neurologist's opinion. Age-and sex-matched controls were also recruited. Use of Vitamin D supplements or other drugs with known effect on serum Vitamin D levels, history of liver and kidney disorders and presence of a rheumatologic or gastrointestinal disease were defi ned as exclusion criteria. Informed consents were taken from all participants or their medical proxy. The study was approved by the Committee of Ethics in Research at the Isfahan University of Medical Sciences.
Data collection
Demographic data included age and gender of the participants. Five milliliters of venous blood were obtained from all participants. Serum content was extracted using a routine centrifuge method and kept frozen at −70°C. All Serum samples were measured for 25-hydroxy vitamin D, using Chemiluminescence immune assay kit ("25 OH Vitamin D total assay-Diasorin Liason") by LIAISON ® analyzer. After the primary data collection, Vitamin D levels further than three standard deviations from the sample's mean were double checked to minimize laboratory misreads. 
Data analysis
Results
During 12 months, 75 stroke patients (37 with small vessel stroke and 38 with large vessel stroke) were enrolled in the study; also 75 controls, matched for age (68.01 ± 10.94 vs. 67.64 ± 10.24) and sex (42 male and 33 female in each group) were recruited. There was no signifi cant difference between the cases and controls regarding the age (P = 0.83). The age was not signifi cantly different between the case groups as well (P = 0.71). Out of the enrolled patients, 49.3% were diagnosed with small vessel stroke and 50.7% had large vessel stroke; the demographic data are presented in Table 1 .
Based on previous national studies, we defi ned Vitamin D defi ciency as severe, moderate, or mild with 25(OH) D levels of <5, 5-10, 10-16 ng/ml, respectively; Vitamin D levels over 16 ng/ml were considered to be normal. [15] Vitamin D defi ciency was observed in (76.3%) of the large vessel stroke group, followed by the small vessel strokes (51.4%); in the controls only 21.7% of the participants were Vitamin D defi cient. Table 2 presents the severity of Vitamin D defi ciency among our sample.
The mean ± standard error (SE) concentration of Vitamin D in cases and controls were 17.7 ± 1.5 and 26.9 ± 1.6, respectively with the Vitamin D levels signifi cantly higher in the control group (P = 0.000). The mean ± SE of Vitamin D was also signifi cantly higher in the controls than Vitamin D in each of the small vessel or the large vessel stroke groups; when compared, the small vessel stroke patients had signifi cantly higher levels of Vitamin D than large vessel stroke patients. The data is presented in Table 3 .
Vitamin D defi ciency was associated with signifi cantly higher risk for development of ischemic stroke in patients comparing to the controls, (P = 0.000, OR = 7.17, 95% CI: 3.36-15.29). The OR for the development of small vessel stroke due to Vitamin D defi ciency was 4.37 (P = 0.001, 95% CI: 1.8-10.4); while among large vessel stroke patients, the OR was calculated to be 13.4 (P = 0.000, 95% CI: 5.03-36.02). This difference remained signifi cant after the data was adjusted between cases and controls for other cardiovascular risk factors.
Discussion
Our observations indicated that there is a signifi cant relation between Vitamin D defi ciency and the two types of ischemic stroke.
Our cases were fi rst-ever stroke patients; the mean age of our cases was relatively high. As a dietary pattern, lifestyle, and metabolic states vary between different age groups a similar comparison in a younger sample could lead into different results; however, based on a national study, Vitamin D defi ciency is prevalent across all age groups in the Iranian population with various severities. [15] Comparison of the results to a matched control group minimized the effects of the age-related shift in metabolic patterns and Vitamin D status.
Vitamin D status is affected by various factors among the different population, such as racial ethnicity, cultural backgrounds and lifestyle, geographical situations, and economic status. [16] These differences between populations call for a regional standardization the data. We defi ned the normal and defi cient cut-off point values of Vitamin D based on a prior study in the Iranian population. While in several studies, Vitamin D level lower than 30 ng/ml is considered insuffi cient, [14] we considered participants with Vitamin D levels higher than 16 ng/ml as suffi cient.
Another point of difference between the studies regarding Vitamin D is the measurement tools. While we used a chemiluminescence assay in our study, other methods such as radioimmunoassay and enzyme-linked immune sorbent assay are also used in other studies. Differences in the quality and precision of the measurement tools, sensitivity, and specifi city of each method, and reliability of laboratories potentially alter the fi nal results. The discrepancies between the fi ndings may be based on the use of several different measurement methods. [17] Laboratory-related mismeasurements were minimized by double checking the outlying data.
Since the prevalence of the subtypes of ischemic stroke was irrelevant to our study, we recruited an equal number of each subtype in our study and formed their groups separately. Regardless of its severity, the highest percentage of Vitamin D defi ciency was observed in the large vessel stroke group. Controls had the least percentage of Vitamin D defi ciency. Interestingly, most of severe Vitamin D defi ciency cases were also observed in the large vessel group as well. Mean of Vitamin D in the large vessel group was below the accepted cut-off point for suffi cient Vitamin D but in the other two groups the mean of Vitamin D was over 16 ng/ml and signifi cantly higher than that of large vessel strokes. This indicates that lower levels of Vitamin D are associated with involvement of larger vessels in terms of ischemic events.
In contrast to our fi ndings, Gupta et al., declared in their study that Vitamin D defi ciency was not associated with ischemic strokes; however, their frame of reference was different from ours. They chose 30 ng/ml as the cut-off point for suffi cient Vitamin D; as the majority of the sample is considered Vitamin D defi cient in a population with high prevalence of Vitamin D defi ciency, regional cut-off points are best indicated to distinguish better different severities of the Vitamin D insuffi ciency. [14] In another study, Wang et al. said that Vitamin D level is a reliable predictor for severity of symptoms at admission and prognosis of functional outcome. [10] In the same way, Chaudhuri et al. declared that the effect of Vitamin D defi ciency on ischemic stroke is independent and associated with atherosclerosis of large vessels and embolic strokes. [18] We observed that in large vessel strokes, Vitamin D had lower mean levels.
Although the small vessel patients had suffi cient mean of Vitamin D levels, it was signifi cantly lower than the controls. This is interesting because suffi cient levels of Vitamin D are defi ned as cut-off points, yet even when Vitamin D levels are adequate, higher levels show benefi cial features. It suggests that Vitamin D defi ciency has a step-wise effect on the cardiovascular system. This is what Brondum-Jacobsen et al., reported in their meta-analysis; they have claimed that an increase is observed in the risk for development of symptomatic ischemic stroke as Vitamin D level decreases. [12] We showed in our results that Vitamin D defi ciency had increased the risk of ischemic stroke by nearly 7-fold in our patients. In comparison to the controls, there was a 13-fold increase in the risk of large vessel stroke; comparing to the 4.37-fold increase in the small vessel group. This confi rms our previous statement that Vitamin D defi ciency is associated with ischemic strokes in the brain with a higher risk for large vessel events. Sun et al., suggested that when combined with several other studies, their results revealed a 1.52-fold increase in the risk of stroke because of Vitamin D defi ciency. [13] The enrolled samples in our study were limited. Considering the variability of Vitamin D levels in our population, larger sample presumably achieves a more accurate estimation of the observed effects; however, we tried to match our controls from the same population and backgrounds to avoid detection of accidental differences. It is suggestible that randomized clinical trials with blinding of the groups be conducted to investigate further the effects of Vitamin D on ischemic strokes. We did not take the seasonal difference in the Vitamin D levels into account, but patients and controls were enrolled in the study at the same time to minimize the seasonal effect.
Conclusion
Our results showed that there is a relation between Vitamin D and development of ischemic strokes. Large vessel strokes were associated with more severe Vitamin D defi ciency in comparison with small vessel strokes. We also showed that even with insuffi cient levels, protective effects of Vitamin D increases at higher concentrations.
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